OBJECTIVE: To identify risk factors for overweight in Hong Kong children aged 6-7 y. DESIGN: Case-control study. SETTING: Student Health Service Centres, Hong Kong. SUBJECTS: A total of 343 Hong Kong Chinese children aged 6-7 y old categorised into three groups, an overweight group (Z92nd centile for BMI), a normal middle-weight group (45th-55th centile for BMI) and a normal low-weight group (r8th centile for BMI). MEASUREMENTS: Subjects and their parents/caregivers were interviewed at home. Data on lifestyle habits, dietary habits, family structure and demographic background were collected by questionnaire. A 3-day dietary record was administrated by the parents/caregivers to assess dietary intake of the children. RESULTS: Logistic regression analyses (overweight group compared with middle-weight plus low-weight groups) showed that childhood overweight was significantly associated with parental obesity (BMI Z25 kg/m 2 , Asian reference) (paternal: OR ¼ 2.66, 95% CI ¼ 1.51-4.70; maternal: 5.07, 2.62-9.79) but not parental overweight (BMI ¼ 23-25 kg/m 2 ). After adjustment for parental obesity, the odds ratio for childhood overweight was increased by birth weight (o3.0 kg as reference, 3.0-3.5 kg: 2.13, 1.18-3.84; Z3.5 kg: 4.89, 2.49-9.60) and decreased by sleeping duration (o9 h/day as reference, 9-11 h/day: 0.54, 0.30-0.97; Z11 h/day: 0.31, 0.11-0.87). Childhood overweight was also significantly associated with higher energy consumption (2.62, 1.20-5.74) and having a father who was a current smoker (2.08, 1.25-3.46). CONCLUSIONS: Although healthy diet and regular exercise will remain the cornerstones of obesity management in children, our data support the view that education about maintaining a healthy weight could be introduced much earlier in those families with high-risk children, as indicated by high parental BMI or high birth weight. The utility and practicality of such an approach should be carefully evaluated before becoming part of any public health policy. Further study of the role of short sleeping duration and parental smoking on childhood obesity development is warranted.
Introduction
An increase in the prevalence of obesity in children has been seen around the world, 1 including Hong Kong. A survey of 25 000 Hong Kong children in 1993 showed that 13.4% of boys and 10.5% of girls aged 6-18 y were obese (defined as 4120% median weight-for-height using local reference ranges). 2 Using the same definition, the Student Health
Service of the Hong Kong Department of Health reported for 2000/2001 that 14.1% of all school children (6-18 y) were obese (primary children: 17% males and 12% females; secondary children: 12% males and 10% females). These data also showed that the overall rate of obesity had increased by 2% from a rate of 12.1% in 1997/1998 (Tong, personal communication).
Owing to the adverse consequences of childhood obesity such as psychosocial problems, 3 increased risk for coronary heart disease, 4 abnormal glucose metabolism 5 and the persistence of obesity into adulthood with resultant long-term consequences, 6 ,7 the prevention of childhood obesity is a public health priority. 8 To tackle this global problem, the range of factors implicated in obesity development should be fully characterised and investigated. 1 A large number of retrospective and prospective studies have tried to identify the reasons for the epidemic. It is generally agreed that obesity is caused by both genetic 9 and environmental factors. 10 Some well-known factors such as parental obesity, 11 excessive energy intake, 12, 13 inactivity 14, 15 and some new concerns such as early infant nutrition, [16] [17] [18] maternal smoking 19 and sleep duration 20 have been highlighted. However, in contrast to the genetic determinants, findings related to environmental risk factors, such as social factors, 21 dietary factors and physical activity, 22 have tended to be inconclusive. Differences in methodology, as well as differences in cultural and social backgrounds of study populations, are likely to contribute to these inconsistencies. Better understanding of the factors associated with obesity would help policy makers, healthcare professionals and the general public combat the epidemic. We considered that children entering primary school are a potentially important target group for obesity prevention programmes when establishing healthy lifestyle habits could be very beneficial. This may be of particular importance in Hong Kong, where it has been suggested that there are some of the most inactive primary school children in the world. 23, 24 Furthermore, rates of obesity have increased in this age group from 1993 to1996 (7.6 to 10.4% for boys; 7.8 to 8.9% for girls). 25 We therefore set out to identify risk factors associated with obesity development in 6-to 7-y-old Hong Kong children, with the aim of identifying potentially modifiable risk factors that could be incorporated into future obesity prevention programmes.
Subjects and methods
Altogether 386 primary-one students (aged 6-7 y) were recruited, of whom 9.3% (n ¼ 36) subsequently refused to be interviewed at home and 1.8% (n ¼ 7) were not contactable. Subjects were Chinese students attending one of 12 Student Health Service Centres of the Hong Kong Department of Health for their annual physical examination during the period of February 2000 to May 2000. As part of this examination, their weight (to the nearest 0.1 kg) and height (to the nearest 0.1 cm) were measured. It was decided to recruit three distinct groups of children: an overweight group, a middle-weight group and a low-weight group. This strategy was undertaken to highlight possible dose-response effects of any risk factors associated with overweight development. The middle-and low-weight groups consisted of normal weight children and were therefore both considered to be controls. A Hong Kong cross-sectional growth survey, undertaken in 1993, included approximately 24 000 children from birth to 18 y. 2, 26 In this survey, overweight was defined as 4120% of median weight-for-height, and based on this definition 8% of children aged 6-7 y old were classified as overweight. We used this same 1993 data set to define BMI cutoffs that would identify the same 8% of children who had previously been classified as overweight, as well as corresponding BMI cutoffs that would identify the middle 10% and the lowest 8% of children in the 1993 data set. The reason that these BMI cutoffs were developed rather than to use the existing 1993 definition of overweight was that it was considered technically easier for the staff at the Student Health Services to calculate BMIs of potential participants than to plot median weight-for-height. The international BMI cutoffs were not available during the study recruitment period. 27 Of the 343 children interviewed, 38.2% (n ¼ 131) were in the overweight group (Z92nd centile for BMI), 40.5% (n ¼ 139) in the middle-weight group (45th-55th centile for BMI) and 21.3% (n ¼ 73) in the lowweight group (r8th centile for BMI). All participants gave written consent during the home visits, and the study was approved by the Ethics Committees of the Chinese University of Hong Kong and the Department of Health, the Hong Kong SAR Government. Current dietary intake was assessed by a 3-day dietary record, which was sent to the participating families prior to the home visit. The parents/caregivers were phoned and asked to record their children's food intake over three consecutive days (two weekdays and one weekend day, ie school holiday). After 1 week, the families were visited at home by research staff and the dietary records were checked with the aid of food photographs and eating utensils. The children and their parents/caregivers were then interviewed using a structured questionnaire. The questionnaire was designed to collect information about factors with a potential association with childhood overweight. Parents' weight and height and the child's birth weight were reported during the home visits. Socioeconomic status of the participating families was evaluated by the parent's education level (primary or lower, secondary and tertiary) and the family income (r$9999, $10 000-$25 000 and Z$25 000). Information on custody and home environment included being a single child, having a working mother, duration of grandparents' custody in years, and parental current smoking habits were also collected. Usual time allocated (to the nearest 0.5 h) to television watching, studying after school, exercising (excluding school physical education lessons and occasional related interest classes) and sleeping time during school days (S) and school holidays and weekends (H) were recorded. Average time allocation per day (T ave ) for these activities was then estimated by the equation T ave ¼ ((5S+2 H)/7) h/day. Dietary information including breastfeeding duration (to the nearest week or month depending on the answer), time to first introduction of weaning food (months of age) and frequency of having breakfast at present was collected. Dietary data from the 3-day dietary record were coded and entered to the professional edition of the SERVE Nutritional Management System for windows s (M&H Williams Pty Ltd). The SERVE software is designed to use either the Australian or the New Zealand food composition tables but was customised to use a Hong Kong food composition table, 25 which is based on chemical analyses The questionnaire also collected a number of dietary factors such as food preference and eating speed. However due to their subjective nature, we considered that these variables were not suitable for the current analysis and thus they are not reported in this paper. Mean weight, height, BMI and age were compared among the three weight groups with ANOVA. The relationship between each factor of interest and the children's weight status (overweight, middle-weight and low-weight groups) was explored by ANOVA (for continuous variables) and w 2 tests (for categorical variables). Univariate logistic regression analysis was performed to evaluate the strength of the relationship between childhood overweight and each of those variables of interest by comparing overweight status and normal weight status. Since almost all (n ¼ 72, 98.6%) of the subjects in the low-weight group were within the normal weight range (Z80% median weight-for-height using local reference), they were included with middle-weight subjects in the logistic regression as controls to compare with overweight children (cases). Only variables with significant associations (ie P-value o0.05) with children's weight status in the w 2 tests or ANOVA would be considered in the logistic regressions. Odds ratios (ORs) and 95% confidence intervals (95% CIs) were calculated for each factor. In the multivariate analysis, adjustment was made for father being obese and mother being obese (BMI Z25) to control for possible familial influences. Adult overweight and obesity were defined as BMI of 23-25 and Z25 kg/m 2 , respectively, according to recommendations for Asian populations.
28 Two-tailed P-values of o0.05 were considered to be significant. Statistical analyses were performed by the Statistical Package for Social Sciences (SPSS for Windows, version 10.1; SPSS Inc., Chicago, IL, USA).
Results
In the academic year 1999-2000, among all Primary one students in Hong Kong (n ¼ 78 365), 77.3% of them attended the Student Health Service provided by the Department of Health (Tong, personal communication). The mean age of the subjects was 6.7 y and mean age in the three weight groups was similar ( The children's weight status (categorised as overweight, middle weight and low weight) was significantly correlated with the parental BMI (categorised as o23, 23-25 and Z25 kg/m 2 ) ( Table 2 ). Univariate and multivariate logistic regression showed that parental obesity (BMI Z25 kg/m 2 ), but not overweight, [23] [24] [25] was associated with childhood overweight (Table 3 ). The association remained significant (paternal: OR ¼ 2.66, 95% CI ¼ 1.51-4.70; maternal: 5.07, 2.62-9.79) when the spouse's obesity was adjusted for. The strength of the relationship between maternal obesity and childhood overweight was nearly double that of paternal obesity. Sex of child and parent influenced the relationship between childhood overweight and parental obesity and was greatest for the mother-daughter relationship (Table 4) . There was a significant positive association between child's birth weight and their weight status at 6-7 y (Table 2) , and the logistic regression analysis found a significant doseresponse relationship between birth weight and childhood overweight across the three birth-weight groups ( Table 3) . The adjusted OR for birth weight was found to be 2.13 (1.18-3.84) for birth weight 3.0-3.5 kg and 4.89 (2.49-9.60) for birth weight Z3.5 kg with birth weight ¼ 3.0 kg as reference.
Of the factors related to family background, only the father being a current smoker was significantly associated with the child's weight status. The percentage of fathers who were current smokers decreased across the three weight groups (overweight 46.9%, middle-weight 36.2% and lowweight 27.4%). The relationship between fathers' smoking and childhood overweight remained significant in the Risk factors for childhood overweight LL Hui et al logistical regression analysis after adjusting for paternal obesity (2.08, 1.25-3.46), implying that paternal obesity and paternal smoking were independent risk factors for childhood overweight (Table 3) . Socioeconomic status as represented by parents' educational level and household income showed no significant difference within the three weight groups. Children's weight status was also not affected by being a single child, having a working/smoking mother or having been in the grandparents' custody for over 4 y ( Table 2) .
Breastfeeding (exclusive/partial) duration, introducing weaning food by 4 months or earlier and less frequent breakfast consumption (Z3 times/week) were not associated with weight status at 6-7 y (Table 2) . A significant positive association between energy intake (kcal/day) calculated from 
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LL Hui et al the 3-day dietary record and BMI of children was found (Table 2 ). In the logistic regression analysis, mean energy intake Z1600 kcal compared with reference category (o1200 kcal/day) was significantly associated with childhood overweight (2.62, 1.20-5.74) ( Table 3) . There was no significant difference in the time spent on exercising, watching television or studying; however, sleeping duration (h/day) was negatively correlated with the child's weight (Table 2) . Heavier subjects tended to sleep less and in the logistic regression analysis, a dose-response effect between sleeping duration and overweight was shown with adjusted ORs of 0.54 (0.30-0.97) and 0.31 (0.11-0.87) for 9-11 and Z11 h/day, respectively (Table 3) .
Discussion
Using definitions for obesity recommended for Asian populations (BMI Z25 kg/m 2 , Asian definition), 28 both paternal and maternal obesity were independently associated with childhood overweight. The relationship was stronger for maternal obesity than for paternal obesity. Previous adoption studies 29 have given strong evidence for a parent-child correlation of weight status and some studies have reported a stronger association between weight status of mothers and their offspring than between fathers and their offspring. 30, 31 It has also been shown that the parentchild relationship in nutrient intake appears to be stronger for mother-child than father-child relationship. 32 Mothers, as the usual primary caregivers, provide their young children with meals and have more control over their lifestyle, for In multivariate analysis, ORs were adjusted for paternal obesity and maternal obesity (BMI Z25 kg/m 2 ) in the regression model for each of the independent factors. *P-value o0.05, **P-value o0.01, ***P-value o0.001. ORs were adjusted for spouse's obesity (BMI Z25 kg/m 2 ) in the regression model. *P-value o0.05, **P-value o0.01, ***P-value o0.001.
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eat and what to do in their leisure time. This stronger association between weight status of mothers and their children compared to that of fathers and their children argues for environmental influence in addition to the underlying genetic predisposition. The association between weight status of parents and offspring also implies that successful childhood obesity intervention need a whole-family approach.
Birth weight had a dose-response effect on the weight status of our 6-to 7-y-old children even after adjusting for parental obesity. High birth weight has previously been found to be associated with obesity in both adults 33 and children. 31 Parsons et al 34 concluded from the 1958 British cohort study that the mother-child relationships in weight status might be influenced by the intrauterine environment which is reflected in the birth weight. Parental BMI and socioeconomic status might confound this association due to their influence on foetal development and thus birth weight. 22 Other studies have even shown that birth weight is no longer a determinant of body weight once adjustment is made for gestational age 35 and parental overweight. 35, 36 However, in the present study, birth weight did not correlate with social class, or the current BMI of the mother or father (data not shown).
The relationship between high birth weight and childhood overweight could have implications for strategies to combat childhood obesity through early preventive measures. Should we try to prevent high birth weight before the child's birth, and/or should we try to target high birth weight infants to prevent excessive weight gain in early infancy and childhood? Although theoretically birth weight could be modified during pregnancy, any advice to reduce birth weight as a means to prevent later obesity seems inappropriate at this stage in view of concerns about possible negative effects, for example, the Barker hypothesis linking diseases such as hypertension and type II diabetes with suboptimal development in utero. 37 It is unlikely that the idea of reducing mean birth weight would have support from the obstetric perspective. 38 Targeting and preventing excessive weight gain in high birth weight children would therefore appear to be a more practical and acceptable approach to explore. The association between high birth weight and maternal weight shown in other studies would also imply that a family-based intervention would be necessary. Whether early intervention and monitoring of high birth weight children or those children with overweight mothers could prevent excessive weight gain during the period of adiposity rebound and later obesity remains to be seen. Previous studies have focused on the impact of maternal smoking during pregnancy 20 and lactation 39 on weight gain in the offspring. However, an effect of maternal smoking on overweight was not detected in this study, possibly as a result of the low percentage (7%) of mothers who smoke in our study. In contrast, the odds for childhood overweight was increased by 1.78 if the father was a current smoker after adjusting for parental obesity. Paternal smoking was not significantly associated with father's education, household income or paternal obesity (data not shown), suggesting that the association was not the result of confounding by these factors. The relationship between maternal smoking and childhood obesity has been suggested to be the result of catch-up growth of low birth weight caused by smoking during pregnancy or to the poorer eating habits of smoking mothers. However, these mechanisms would be less able to explain an association between paternal smoking (passive smoking) and childhood overweight. To further explore this possible link, it would be necessary to collect additional data in future studies, such as the number of cigarettes smoked, smoking duration and eating habits of smoking parents. The increase in the prevalence of obesity has been accompanied by an increase in food availability and food intake. 40, 41 Our study demonstrated a positive association between weight status and energy intake, although it is acknowledged that causality cannot be implied from such a cross-sectional study. It is possible that the association demonstrated is the result of reverse causality, that is, overweight children need to eat more as a result of their extra weight. Although the mean energy intake of the overweight group over the 3-day recording period (1521.87305.7 kcal/day) was higher than that of the normal weight group, there were some overweight children with low energy intakes (range 860.7-2346.7 kcal/day). Lifestyle factors associated with childhood obesity development in other studies, such as television watching 14 and inactivity, 15, 42 were not shown to be important risk factors in our study. Hong Kong children have been noted in other studies to be very inactive, and this was supported by our data which showed that 76% of subjects did no exercise during schooldays and 24% did not have regular exercise on both schooldays and holidays. The average time spent on watching television (2.871.5 h/day) and studying (2.471.1 h/day) was far more than that for exercise (0.470.5 h/day). Although we could show no link with inactivity and overweight in these 6-to 7-y-old children, our data confirm the general inactive behaviour in Hong Kong young children, emphasising the need to encourage physical activity and healthy lifestyle for the whole population of this age.
There was a dose-response relationship between shorter sleeping duration and childhood obesity. This negative association has been reported in previous studies. 43, 44 It has been suggested that this relationship may be the result of a hormonal mechanism, such as reduction in growth hormone secretion and increase in serum cortisol concentration. At this stage it is not possible to determine whether overweight causes lack of sleep, whether short sleeping duration results in weight gain or whether the association is to due to other confounding factors. Laboratory research and further epidemiological study are needed to better understand this association before any specific public recommendations can made.
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Conclusions
This present study identified parental obesity, high birth weight, short sleeping duration, higher energy intake and having a father who was a current smoker as risk factors for obesity in Hong Kong children aged 6-7 y. Although healthy diet and regular exercise will remain the cornerstones of obesity management in children, our data support the view that education about maintaining a healthy weight could be introduced much earlier in those families with high-risk children, as indicated by high parental BMI or high birth weight. Such an approach could help protect those children from unfavourable environmental factors predisposing to weight gain and obesity, which is difficult to reverse once established. The utility and practicality of such an approach should be carefully evaluated before becoming part of any public health policy. Further study of the role of short sleeping duration and parental smoking on childhood obesity development is warranted.
